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Development of Phenolic SMC for The Rail

Young-keun Kim, Dong-hyok Shin, Young-min Kim, Joung-wuk Park, Jae-Jun Min

Key Words : Phenolic resin, Condensation polymerization, Toxicity, SMC

ABSTRACT

Phenolin resin, prepared form phenol and formaldehyde, is one of the oldest thermosetting resins available.
Phenolic resins are cured via condensation polymerization with evolution of water, which in molding process
is a big problem. The use of phenolic resins in glass fiber composites is growing, primarily due to their low
flame spread, low smoke generation and low smoke toxicity properties. SMC of phenolics has been rearched
since the 1986. The technology challenge was to match resin viscosity, handling and cure with those for the
polyester SMC to avoid any special processing for fabricators and end users. Phenolic SMC was chosen
because of the ease of molding to the required shape with light- weight, thin wall structure and with excellent

fire protection.
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Table 1. Toxicity results for composites

Table 3. Properties of K-90 phenolic resin.

Test Phenolic Modified NewYork
Methacrylate | City Spec.

Hydrogen
Chloride 0 2 0 10
Hydrogen
Bromide 0 2 0 10
Hydrogen
Cyanide 2 0 2 10
Aldehyde 2 0 5 30
Ammonia 0 0 0 500
Carbon
Monoxide 125 390 315 1,000
Carbon 650 2,667 2,650 10,000
Dioxide
Oxides of
Nitrogen 24 0 14 100
as NO,
NAAR 84 =g & FA v&] do4stA] @
L. 0 ol 2 o)
o= 2 1 M

Table 2. Mechanical properties of phenolic / polyester.

Phenolic Polyester
Tensile Strength (psi) 45,000 70,000
Flexural Strength (psi) 52,000 88,000

Flexural Modulus (msi) 1.80 1.40
Compressive Strength (psi) 51,000 45,000
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Table 4. SMC mixing formulation.

Ingredients Parts by weight
Phenolic resin 32.65
Release agent 0.16
Fillers 26.12
Catalyst 8.17
Thickening agent 436
Glass fiber 28.00
Total 100.00
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Table 5. Temperature rise for calibration sheet and
specimens.

Time Temperature - C
t Calibration Specimens
min sheet a b c
0.5 13.9 11.6 12.3 12.3
1 21.0 16.3 17.7 17.7
1.5 27.1 23.2 229 23.2
2 31.6 28.0 28.0 26.9
2.5 351 331 318 30.6
3 38.1 369 351 34.7
4 64.1 57.8 57.7 54.9
5 93.9 83.1 84.2 81.5
6 121.6 104.2 1114 103.9
7 142.6 125.1 134.8 124.8
8 159.8 143.5 152.0 143.3
9 173.3 166.9 171.7 161.8
10 182.0 189.1 189.0 182.7
12 201.7 2383 2271 239.3
14 215.2 251.8 2394 294.6
16 2213 257.9 246.7 3125
18 226.2 266.5 167.6 305.3
20 2312 283.6 300.5 302.8

t= time in minutes from the time at which the gas jets were ignited
a, b and c : represent individual specimens giving valid test results.
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Table 6. Observed spread of flame.

. Flame spread distance Flame spread distance
Specimen at 1.5min (um) at 10min (um)
1 40 40
2 40 40
3 40 40
4 40 40
5 40 40
6 40 40
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against time.
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Table 7. Individual smoke test results and observations.

Ao Ao Flame out .
. t
Test (on) (off) (min:secs) Observations

Flaming observed
between 3 to 7min, no
unusual or unsatisfactory
phenomenon were
observed during the test
Flaming observed
between 3 to 7min, no
unusual or unsatisfactory
phenomenon were
observed during the test
Flaming observed
between 3 to 7min, no
unusual or unsatisfactory
phenomenon were
observed during the test
* A variance greater than 20% between the first two tests was observed.
Therefore a further test was carried out in accordance with the standard.

1 0.16 [ 0.18 26.50

2 0.23 | 031 27.10

3 0.18 | 023 26.10
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Table 8. Test result of toxicity

Species r Values
CO, 0.071
Cco 0.102
HF 0
HCl1 0
HBr 0
HCN 0.009
NO; 0.080
SO 0

Summation of r values
R=0.262
3. 2 8

g7 #A F RE F4E AF, 59 At W
FAE BS 73L& 2484 Ho| honeycomb,
prepreg, pultrusion & % EE phenol FRP o w3}
o FHAYE5L Fvlstn ot 1993 d 9 Kaiser
composite A}7} air scoops in inner fan duct S phenol
SMCth 3% o)zl FF85E FZ3] phenol AZ
gasn glonm ZiegAEst whEA Aol 7
AR olvz o7 RAME #HE JhHoF &
Hgtn ALY FAE FW HZE phenol SMC
Nl 4Fstd BS wAE #5535t BS 4
3 A A AL AEF] AFZFAE table 9
UER 2T

Table 9. BS spec. and test results.

. Phenolic resin
Test item BS Spec. SMC panel
il <6 0
Fire propagation

I <12 1.6

Surface spread of flame Class 1 Class 1
Ao(on) <2.6 0.19

Smoke density

Ao(off) <3.9 0.23

Toxic fume R<«1 0.262
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